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Abstract 
The gas, oxygen, carbon monoxide and acetylene concentration and the temperature distribution of longwall goaf areas were analyzed by 
means of burying pipes and temperature sensor. Furthermore, the regulation of "three zones" distribution of 1361 face in Jinyuan colliery 
by the oxygen concentration and the temperature distribution has been worked out, and the limited velocity of the working face has been 
marked off. The research results showed that the gas concentration was low intake airflow roadway along goaf towards direction. The 
goaf gas concentration in return airway was far higher than intake airflow roadway. There was not combustion phenomenon during the 
test in the 1361 goaf of the coal mining. Meanwhile, the results also confirmed mining extraction process source of gas accumulation in 
face corner, also can be used for providing the basis of enacting fire prevention measures in the goaf and gas management measures for 
face corner. 
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1. Introduction 
As the behavior of rock strata is clear in one pass cutting mechanized top-caving face, the roof caving is very complex in 
the goaf. At present, scholars at home and abroad mainly use the way of computational fluid dynamics (CFD) numerical 
simulation to study the gas distribution in the goaf [1-2]. However, it is very difficult to accurately determine the boundary 
conditions by CFD. By applying the method of burying pipes and temperature sensors, the gas and temperature distribution 
can be measured on a flat floor. But now many experts have only buried tube in two gateways, but have not really buried 
tube in the goaf [3-5]. To study the gas concentration and temperature distribution in the goaf under the lake and provide 
experience for the control of spontaneous combustion and gas in the corner, this paper applied the way of burying pipes and 
sensors to conduct a comprehensive observation and analysis of the goaf “three zones” of spontaneous combustion, 
temperature and gas concentration distribution. 
1361 working face which is located under the Weishan Lake is the sixth section of the first mining area. The seam lies 
between 365 m to 434 m below the surface, is 2.3 m thick, dips about 14° and is prone to spontaneous combustion. 
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According to the gas grade identification, the relative gas emission is 8.70 m3/t, the absolute gas emission is 5.19 m3/min, 
the relative emission quantity of carbon dioxide is 4.84 m3/t, and the absolute emission of carbon dioxide is 2.89 m3/min. 
2. Experimental set-up 
In order to measure the changes of temperature and gas in the goaf accurately, the way of burying pipes and temperature 
sensors was applied to monitor their changing laws. As was shown in Fig.1, five lines were arranged and a temperature 
sensor and a beam tube device were installed at each monitoring point. The temperature was detected by AD590 
temperature sensor. Fig.2 shows the schematic diagram of protection device in order to prevent the sensor from being 
damaged by the coal and rock of the gob caving and prevent the sampling hose from being crushed and blocked by 
dust. With the face advance, sensors and beam pipes will be buried in the goaf. The distribution of gas and temperature in 
the goaf could be got through the sensor readings and gas analysis data of the beam tube system everyday [6]. In order to 
achieve the concentration and adsorption of gas, mine-specific adsorption equipment was developed, and adsorption 
experiment was conducted by the equipment. The experimental system consists of air system, concentrated adsorption 
system, temperature control system and detection system [7]. 
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Fig. 1. Schematic diagram of monitoring point layout in the golf of 1361 working face 
 
3. Results and discussion 
3.1. Gas distribution in goaf 
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Fig. 2. CH4 concentration distribution in goaf of 1361 working face 
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As can be seen from Fig.2: 
x Along the goaf tilt direction, gas concentration of the goaf near the working face shows the trend of low–high–low. 
While gas concentration of the goaf far from the working face shows the trend of low–high–higher. Reasons for this 
phenomenon were: in the goaf near the face, part of the gas from the wind inlet side was brought into the deep-seated 
goaf, part of the gas has been brought into the middle of goaf by the air leakage along the tilt direction and part of them 
was brought into the face, while the air-leakage rate was relatively smaller, so the gas concentration of the central goaf 
was the highest. In the deep-seated goaf, airflow direction and air flow in the post median of oxidation zone of the 
spontaneous combustion “three zones” was usually relatively constant. Gas of the wind inlet side transports to the air 
return side relatively homogeneously and forms the gas distribution from low to high. 
x Fig.2 reflects the gas distribution of goaf intuitively. It can be seen from the figure that the gas concentration of the area 
corresponding to the leakage air sources of air inlet side was the highest, the gas concentration presents gradient change 
along the diagonal direction of leakage air sources and air leakage congestion inside the goaf and the gas concentration of 
the area far from leakage air source was higher.  
3.2. Variation of oxygen concentration in goaf 
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Fig. 3. Oxygen concentration distribution in goaf of 1361 working face 
 
It can be seen from Fig.3 that with the face advance, the oxygen concentration of the goaf decreases gradually, but the 
decrease amplitude of oxygen concentration in goaf near the tail entry and conveyor gateway has great difference. This is 
because the tail entry as the air inlet side has greater influence on the air leakage of goaf and the fresh air of the tail entry 
can flow into the goaf, so the depth of air leakage zone and oxidation zone of tail entry and conveyor gateway was relatively 
deeper, especially the tail entry. 
This paper obtains the distribution map of the spontaneous combustion three zone in the goaf of 1361 working face based 
on the oxygen concentration in the goaf, as is shown in Fig.3. The oxidizing heat evolution zone of goaf is about 8 m, but in 
the goaf of intake airflow roadway and return airway, the change is large, the oxidizing heat evolution zone in the goaf of 
intake airflow roadway is 13.82 m and it is 9 m in the goaf of return airway. The main reason is that the compaction degree 
of caving rocks in the goaf of intake airflow roadway and return airway was different. Some steel sheds in the terial 
roadway were not withdrawn and the two crossheadings were in the cantilever support range of coal pillar, so the void size 
increases and the permeability was particularly good. 
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Fig. 4. Distribution range of spontaneous combustion “three zones” in goaf of 1361 working face  
 
The potential spontaneous combustion area of 1361 full-mechanized caving face changes greatly. In the goaf narrow lane 
of take airflow roadway, because of the supporting role of coal wall, its permeability was very good. Meanwhile, because of 
the continuous supply of fresh air from inlet airway corner, the potential spontaneous combustion area ranging from 13.33 
to 27.15 m was relatively wide. In the narrow lane of the return airway in goaf, although the permeability has the same 
conditions, only polluted air in goaf flows out after oxidation. The possible spontaneous combustion zone was in the range 
of about 4.36~13.15 m, which was smaller than that of intake airway. The possible spontaneous combustion area in goaf 
ranges from 3.8 m to 27.15 m. According to the results of the spontaneous combustion “three zones” in 1361 goaf, it can be 
ensured that spontaneous combustion will not occur if the advancing speed of face is faster than 37.2 meters per month. 
When the advancing speed of face is slower than 37.2 meters per month, there is a danger of spontaneous combustion in 
the goaf of material roadway. At normal advancing speed of working face (> 37.2 m/month), spontaneous combustion in 
goaf will not happen, but the two airways (intake and return airway) were still the key area of fire prevention. 
3.3. Variation of carbon monoxide concentration in goaf 
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Fig. 5. Carbon monoxide concentration in goaf of 1361 working face 
 
The measured result of carbon monoxide concentration is shown in Fig.5. The results showed that: 
x In the range of 21.71 ~ 25.88 m of the intake airway, the concentration was very low and was almost to zero. It was 
mainly because some steel sheds in the material roadway were not withdrawn, the roof caving was not compacted and 
the air leakage exists, fresh air was adequate. Carbon monoxide concentration of measuring point 3# near the return 
airway was relatively high because of the accumulation of air leakage.  
x The carbon monoxide concentration of measuring point 1#, 2# increases first and then decreases. This was mainly 
because slow oxidation occurs and air leakage reduces, the condition of ventilation and oxygen supply was poor, besides, 
the releasing gas and other inert gases inhibite the oxidation. 
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x The area where coal oxidation was the most vigorous was in the range of 21.71̚33.98 m from the face and the more 
serious area was about 25.88 m. 
3.4. Variation of temperature in goaf 
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Fig. 6. Temperature distribution in goaf of 1361 working face 
 
The temperature measured results in goaf of 1361 working face is shown in Fig.6. The analysis on measured results of 
temperature in the goaf shows that: 
x The measured data show that after the distance from the measuring point to the rear of scraper conveyor was more than 
9.03 m, the temperature of some areas in the goaf reaches 30.5 ć. The temperature reaches the maximum at the distance 
of 25.88 m which indicates the phenomenon of oxidation heat liberation occurs in this area. 
x The oxidation temperature of measuring point 3# which in the central of 1361 working face increases the fastest. This 
indicates that the area near measuring point 3# was in the top of the air leakage in the goaf and the coal of this area was 
in vigorous oxidation state. Combined with the analysis on the measured results of other gases, each kind of gas 
generated from coal oxidation appears a peak when the measuring point was 25.88 m from the rear of scraper conveyor, 
which indicates measuring point 3# was the main area of coal oxidation and spontaneous combustion. 
4. Conclusions 
x The complete data of five measuring points indicates that the self-designed protection device of buried pipes in the goaf 
can protect the beam pipe, temperature measuring wire and sensor from not being damaged during the advancing process.  
x The application of gas concentration technology enlarges the minimum detection concentration, the early prediction time 
can be advanced effectively. 
x The variation of the gas concentration and the “three zones” of spontaneous combustionin in goaf of full-mechanized 
caving face can be determined by the application of the method that burying beam tubes and temperature sensors in 1361 
working face, then extracting the gas samples through the beam tubes and analyzing the gas samples by the gas 
chromatography. 
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